Results: The ER group had a significantly higher percentage of intraluminal growing type of tumor (100% vs 41%) and smaller tumor size (23 vs 33 mm) than the LR group. The ER group had a significantly shorter operative time (93 vs 145 min) and less blood loss (13 vs 30 mL) than the LR group. In the ER group, three patients who had tumors located on the anterior wall of the stomach required laparoscopic closure after EFTR because of difficulty in endoscopic closure of the gastric-wall defect. Postoperative complication rates and duration of postoperative hospital stays did not differ between the two groups.
INTRODUCTION

L
APAROSCOPIC RESECTION (LR) with or without peroral endoscopic assistance is now standard treatment for small gastric submucosal tumor (G-SMT), particularly for tumors originating from or infiltrating into the muscularis propria (MP) layer. 1, 2 Such tumors are unlikely to be resected completely and safely by standard endoscopic resection (ER); therefore, ER is not routinely indicated for most cases of G-SMT, particularly for gastric gastrointestinal stromal tumor (GIST). 1, 2 However, more recently, endoscopic muscularis excavation/dissection and endoscopic full-thickness resection (EFTR) have been reported as a minimally invasive treatment for G-SMT originating from the MP layer. [3] [4] [5] [6] [7] [8] [9] These procedures, derived from endoscopic submucosal dissection (ESD) techniques, seem to be effective and safe for patients with G-SMT. However, such ER procedures require advanced endoscopic skills, particularly for endoscopic closure of a gastric-wall defect; thus, reports on such ER procedures published to date are relatively limited. [3] [4] [5] [6] [7] [8] [9] [10] These procedures still require evidence of oncological outcomes and remain an investigational treatment. 1, 2 Moreover, little is known about the clinical outcomes of these ER procedures in comparison with those of LR for treating G-SMT. [10] [11] [12] Therefore, we carried out a retrospective study to compare the two resection methods, namely, ER procedures (ESD, endoscopic muscularis dissection [EMD] , and EFTR) and LR.
METHODS
Patients and study design W E CONDUCTED A retrospective study in a single university hospital. All patients undergoing ER or LR at the Kyorin University Hospital from January 2007 to August 2017 for G-SMT smaller than 50 mm were identified and data collected retrospectively from patient charts and electronic database. After 2007, we adopted the policy of using tailor-made resection based on tumor type, size, and location in treating G-SMT smaller than 50 mm.
Thirty-three patients underwent ER, including four who underwent ESD, 15 EMD, and 14 EFTR. Thirty-nine patients with G-SMT underwent LR, among whom 16 underwent LR with peroral endoscopic assistance, namely, laparoscopic endoscopic cooperative surgery (LECS) 13, 14 and 23 patients underwent conventional laparoscopic wedge resection (local full-thickness resection). Written informed consent was obtained from all patients before they underwent these procedures.
Patients were divided into the ER or LR group according to the treatment methods they received. Medical records were retrospectively reviewed to define patient/tumor characteristics, operative outcomes, and disease recurrence. Table 1 shows the clinicopathological characteristics of the tumors in each group. Patient/tumor characteristics and intra/postoperative factors, as well as long-term outcomes, were compared between the ER and LR groups. This study was approved by the Institutional Review Board of Kyorin University.
Statistical analyses comparing characteristics and outcomes between the two groups were done using the Student's t-test for parametric data, Fisher's exact test for categorical data, and Mann-Whitney U-test for non-parametric data. P-values <0.05 were considered statistically significant.
Indications for resection
Indications for resection were tumor diameter greater than 2 cm, presence of symptoms, GIST proven by preoperative histopathological examination, tendency for the tumor to grow during follow-up endoscopy, or patients' preference. To establish the diagnosis and determine extent of disease, patients underwent preoperative endoscopic ultrasonography and abdominal computed tomography. Endoscopic ultrasonography-guided biopsy examination was done when necessary.
Fundamental indication for ER is an intraluminal growing tumor smaller than 30 mm. Other indications for each ER are as follows: (i) ESD, the tumor is limited to the submucosal layer; (ii) EMD, the tumor is limited to the MP layer; (iii) EFTR, the tumor penetrates the MP layer toward the serosa without a massive extraluminal component. When a tumor has an ulceration, EFTR is not indicated. In cases with ulceration, tumor cells can exfoliate into the gastric lumen, and the exfoliated cells may spill into the peritoneal cavity through the gastric opening, which may lead to tumor cell seeding.
Indications for each LR are as follows: (i) LECS, an intraluminal growing tumor without ulceration having minute extraluminal components and is smaller than 
Endoscopic submucosal dissection
Endoscopic submucosal dissection is defined as a standard technique without intentional dissection of the MP layer.
Endoscopic muscularis dissection
Endoscopic muscularis dissection, although similar to ESD, is defined as a procedure involving intentional dissection of a wide area of the MP layer to remove a tumor. Our EMD consists of three major procedures: (i) circumferential incision as deep as the submucosal layer around the tumor and subsequent submucosal dissection toward the tumor by the ESD technique (Fig. 1a,b) ; (ii) meticulous dissection of the tumor away from the submucosal and MP tissue (Fig. 1c,d) ; and (iii) closure of the MP layer defect by endoscopic clipping after retrieval of the specimen perorally (Fig. 1e) . Such a procedure can no longer be called standard ESD, and Liu et al. called this procedure EMD. 4 Endoscopic full-thickness resection (Fig. 2d) ; and (iv) closure of the gastricwall defect with endoclips ( Fig. 2e) after retrieval of the specimen perorally. After stage (ii) of the procedure described above, a traction method is carried out using a transparent hood (800-001-1419; Create Medic Co., Ltd, Yokohama, Japan), and a grasping forceps (Rat Tooth with Alligator Jaws, FG-49L-1; Olympus) is used to facilitate the procedure, if necessary (7 out of 14 patients who underwent EFTR). The hood has a structure to which an outer sheath can easily be attached and detached (Fig. 3) . The outer sheath can allow grasping forceps to pass; therefore, the grasping forceps can be safely introduced into the stomach and the lesion can be resected with traction applied with the forceps. The external grasping forceps is anchored at the mucosal portion overlying the tumor (Fig. 2c) . After detaching the external grasping forceps from the hood by moving the endoscope tip (Fig. 3b,c) , the tumor can be pulled into the gastric lumen toward the cardia by traction using the forceps (Fig. 2d ). This oral traction provides a good view of the resection plane and thus makes the resection of the seromuscular tissue around the tumor easier and safer (Fig. 2d) . When it is technically difficult to close the gastric-wall defect, a laparoscopic hand-sewn closure is indicated.
Procedures for laparoscopic resections
We used two laparoscopic procedures (LECS and laparoscopic wedge resection) to remove the tumors. A 12-mm initial access site was established at the periumbilicus by the Hasson open technique. After a laparoscope was introduced through the periumbilical trocar, pneumoperitoneum was established using carbon dioxide at a pressure of 10 mmHg, and four additional trocars were placed in an inverted trapezoidal setting in both procedures. The resected specimen was placed into a laparoscopic retrieval bag (Endopouch Retriever; Ethicon Endo-Surgery, Cincinnati, OH, USA) and extracted through the umbilical wound.
Laparoscopic endoscopic cooperative surgery
The surgical techniques of our LECS were described in detail previously. 14, 15 This type of surgery is a modification of laparoscopic local full-thickness resection. Our LECS involves four major procedures: (i) a circumferential incision as deep as the submucosal layer around the lesion by the ESD technique; (ii) endoscopic full-thickness incision around the two-thirds circumference of the above-mentioned submucosal incision under laparoscopic supervision (Fig. 4a,b) ; (iii) completion of the full-thickness incision laparoscopically from inside the peritoneal cavity; and (iv) hand-sewn closure or closure using a linear stapler of the gastric-wall defect. If the tumor has an ulceration, conventional laparoscopic wedge resection is indicated, no LECS.
Laparoscopic wedge resection (laparoscopic local full-thickness resection)
Using laparoscopic linear stapler(s) with the smallest surgical margin of 1 cm, we resected the tumor (Fig. 4c) . If it is difficult to use the laparoscopic linear stapler, gastrotomy was made along the half margin of the tumor. This way, the tumor was exteriorized through gastrotomy, removed using an electrocautery device with the smallest surgical margin of 1 cm (Fig. 4d: an everting method), 16 and the gastric-wall defect was closed with a laparoscopic linear stapler(s) or hand-sewn. Digestive
RESULTS
T
HERE WERE NO significant differences in age, gender, indications for resection or tumor sites between the ER and LR groups ( Table 1 ). The ER group had significantly smaller tumor size than the LR group (23 vs 33 mm; Table 1 ). The ER group had a significantly higher percentage of intragastric growing type than the LR group (100% vs 41%). Table 2 shows operative and long-term outcomes in each group. The ER group had a significantly shorter operative time (93 vs 145 min) and less blood loss (13 vs 30 mL) than the LR group. All the patients received R0 resections without tumor rupture. No intraoperative adverse event occurred in the LR group. It was difficult to close the gastric-wall defect after removal of tumors in three patients who underwent EFTR. These patients underwent laparoscopic closure (conversion to laparoscopic surgery). Although postoperative complication rates did not differ significantly between the two groups, two patients developed postoperative bleeding of the resection site on postoperative day 1 after EMD. These patients were successfully and easily treated with endoscopic hemostatic procedures, without further bleeding. No postoperative adverse event occurred in the LR group. Duration of postoperative hospital stay did not differ between the groups. During the median follow-up period of 48 months, all patients have maintained their previous quality of life and required no restriction of their food intake. Peritoneal recurrence of GIST occurred in two patients in the LR group and these patients were successfully treated with oral imatinib.
DISCUSSION
M
OST G-SMT, INCLUDING GIST, usually grow expansively in the gastric wall and rarely metastasize to the regional lymph nodes. Accordingly, treatment of G-SMT requires neither lymphadenectomy nor wide resection margins. Thus, resection of the tumor site as small as possible is reasonable for treating G-SMT.
Laparoscopic surgery has produced similar oncological outcomes and is less invasive than open surgery in treating G-SMT smaller than 5 cm. 1, 2, 17 The European Society for Medical Oncology (ESMO) guidelines state that LR is acceptable for small GIST; however, it is not recommended for large (larger than 5 cm) tumors because of the risk of tumor rupture.
1,2 Likewise, the National Comprehensive Cancer Network (NCCN) guidelines state that LR is a reasonably safe and feasible procedure for gastric GIST of 5 cm or smaller. 1, 2 Although many minimally invasive procedures are available for the removal of small (<50 mm) G-SMT, there is no consensus regarding the resection method, because the choice can be influenced by many factors, such as surgeon's preference and experience, the institution's policy, and patient/tumor characteristics. 16, 18 However, the goal of these procedures is the same, namely, complete tumor removal with minimum resection of the normal stomach, a clear margin and no pseudocapsule rupture. At present, the resection procedures can roughly be divided into four types of approach, namely, laparoscopic exo-gastric, via-gastrotomy, hybrid, and endoscopic approaches.
The laparoscopic exo-gastric approach includes wedge resection and CLEAN-NET (combination of laparoscopic and endoscopic approaches to neoplasia with non-exposure technique). 19, 20 Laparoscopic wedge resection with or without (eversion technique, 16 as shown in this study) a stapler is the most common and fundamental operative technique, especially for extraluminal G-SMT located on the gastric body or the greater curvature. 16, 18 As to tumors located near the esophagogastric junction, p-ring, or on the side of the lesser curvature, this procedure can increase the risk of generating stenosis or deformity in the gastric inlet or outlet. 21 The eversion technique by opening the gastric lumen can involve the potential risk of tumor cell seeding, particularly in patients with GIST with ulceration. 22 However, a recent study showed that this style of surgery did not increase the risk of dissemination even in GIST with ulceration. 22 The CLEAN-NET, 19, 20 Lift and Cut, 23 or SAMIT (laparoscopic wedge resection with the serosal and muscular layers incision technique) 24 approaches all use a seromuscular incision to preserve the continuity of the mucosa, which works as a stretched a barrier in "CLEAN-NET". 19, 20, 23, 24 The mucosal tissue is pulled out toward the outside of the stomach and the stretched mucosa is cut together with a minimal area of the full layer of the stomach wall. The greatest feature of these procedures is their nonexposure technique, which may eliminate the risk of tumor cell seeding in patients with GIST with ulceration. 19, 20, 23, 24 There is another laparoscopic technique designed to resect tumors by gastrotomy, which can be divided into two types of surgery, transgastric and intragastric surgery. 18, 25, 26 In transgastric surgery, an anterior gastric incision is made, and the tumor is removed under a good visual field through the incision. 18 Intragastric surgery involves direct introduction of the ports into the gastric cavity and removal of the tumor intragastrically. 25, 26 This surgery is not so popular, but causes no damage to the perigastric tissue and has a minimum risk of deformity. 26 The hybrid approach includes LECS, 13, 14, 27 non-exposed endoscopic wall-inversion surgery (NEWS), 28, 29 and closed LECS. 30 These procedures have been of increasing interest in this field in Japan. In fact, a recent nationwide survey in Japan shows that the number of LECS continues to increase. 31 LECS can be applied widely to remove tumors with a minimal margin; however, in a broad sense, LECS is a modification of exposure-type wedge resection using the eversion technique. Therefore, the problem of concerning tumor seeding has to be taken into account.
14 In contrast, non-exposure techniques, NEWS and closed LECS, can be strong options if the G-SMT have ulcerative change.
The endoscopic approach is the last category of resection method. ESD techniques have recently been applied to endoscopic resection of layers deeper than the submucosal layer. 6 In an institution having well-experienced ESD operators, standard ESD or EMD may be a preferable treatment option for patients with G-SMT originating from
the MP layer. Moreover, several variations of ESD, such as submucosal endoscopic tumor resection (SET), submucosal tunneling endoscopic resection (STER), endoscopic submucosal tunnel dissection (ESTD), and EFTR without or with laparoscopic assistance have been successfully carried out to remove G-SMT originating from the MP layer. 6, 7 However, in the guidelines, ER and off-the-shelf resection is not recommended in GIST, because those techniques may be associated with some risk of tumor cell seeding upon transluminal communication and pseudocapsule injury.
1,2
The results of the present study suggest that ER provide a definite advantage for the excision of G-SMT compared with LR. If ER is carried out successfully, there is no damage to the abdominal wall, no pain, no resection of perigastric tissue, ignorable gastric deformity, no functional disturbance, and long-term outcomes are excellent. In our EMD/EFTR procedures, the endoscopic technique that has been developed in ESD allows meticulous dissection of the MP/serosal layer under direct vision. This meticulous dissection technique can actually avoid injury to the pseudocapsule, as shown in our patients. Although two patients who underwent ER (EMD) developed postoperative bleeding in our series, these patients were easily managed with re-endoscopic procedures.
In this study, two patients in the LR group developed peritoneal recurrence of GIST. It is not surprising that one patient developed such recurrence after LR (laparoscopic wedge resection using a linear stapler), because this patient was classified as high-risk according to Fletcher's criteria after the surgery. The patient developed a solitary peritoneal metastasis in the left subphrenic space at 27 months after the surgery. Another patient in the low-risk group who underwent LECS developed a solitary peritoneal metastasis in the pelvic space 19 months after the surgery. To date, there is no reported case that developed peritoneal recurrence after LECS. Although we re-checked the procedures in videos of each surgery, injury to the pseudocapsule and/or tumor rupture during surgery was not evident in either patient. Both tumors had no ulcerative changes. However, it may not be surprising that two patients in the LR group, but not in the ER group, developed peritoneal recurrence, because tumor size was significantly larger in the LR group than in the ER group. Tumor size has been known to be an independent adverse parameter in staging and prognosis of GIST.
The key question in the EFTR procedure is how to maintain a good visual field after the active perforation and how to completely close the gastric-wall defect after removal of the tumor. 8 In our series, three patients required laparoscopic closure after EFTR. All the G-SMT in these patients were located on the anterior wall side of the stomach. The large defect on the anterior wall made it impossible to maintain a good visual field, because intragastric gas escaped from the gastric-wall defect into the peritoneal cavity. We did not hesitate to convert to laparoscopic surgery to give top priority to safety. In light of such experiences, we now consider that G-SMT located on the anterior/posterior wall are a contraindication for EFTR, and are good candidates for LR, including LECS (Fig. 5) . It is easy and safe to perform any LR, and serious postoperative problems rarely occur even when we perform any LR in such areas. In contrast, G-SMTs in the lesser/ greater curvature wall may be a good candidate for ERs, including EFTR (Fig. 5) . In such locations, the omentum attaches widely to the gastric serosa. The omentum works as a barrier to gas flowing out of the stomach after active perforation during EFTR or incidental perforation during ESD/EMD. The omentum can help stop or minimize the escape of gas from the stomach into the peritoneal cavity; therefore, we can continue the endoscopic procedures under a good visual field. In fact, EFTR with complete closure of the gastric-wall defect using endoclips could be carried out for the lesser/greater curvature side. Conversely, it is inevitable and relatively difficult to operate on lesions located in the lesser curvature side (from the pyloric ring to the cardia). 21 LR, except for intragastric surgery, requires resection of the attachment of the omentum to the stomach in the excision area to remove the tumor. When the tumor is located in the gastric wall on the lesser curvature side (from the antrum to the cardia), omental resection may include injury/resection of the vagal nerves innervating the lesser curvature of the stomach. Even a small resection can cause deformity, stenosis, and disturbances of gastric achalasia/ peristalsis in these areas. However, such a procedure (resection of perigastric tissue) is not essentially unnecessary for the treatment of most G-SMT. Therefore, if possible, ER may be a more reasonable alternative for treating G-SMT than LR including LECS, particularly for tumors on the lesser curvature side.
"Traction" is known to be one of the important key steps in EFTR. 8 Use of the external grasping forceps in our technique can provide effective traction by driving the extra-component of the tumor into the gastric lumen and toward the cardia, providing adequate exposure for resection. By dragging the tumor inside, this method can offer a direct view of the tumor base (serosal side), thereby minimizing the area of the serosa that ought to be resected. The external grasping forceps was also useful when the gastric-wall defect was large. It is very difficult or impossible to close a large and oval-shaped defect using endoclips. However, grasping the oral edge of the defect and traction toward the cardia by the forceps can make the shape of the oval defect linear, therefore making endoscopic closure of the gastric-wall defect easier.
The present study has several limitations. It was a singlecenter retrospective study with a non-randomized design. A certain selection bias might exist, as we adopted the policy of adopting tailor-made resection based on tumor type, size, and location in treating patients with G-SMT smaller than 50 mm. However, the results provide very important background information for future prospective studies in this field.
CONCLUSION
A LTHOUGH THE CHOICE between ER and LR should be largely based on tumor/patient characteristics, 32 ER may be technically feasible, safe, less invasive, and oncologically appropriate options for selected patients with the intraluminal growing type of G-SMT smaller than 30 mm. EFTR may be more reasonable alternatives to LR in selected patients with a small G-SMT located on the lesser curvature side. It should be emphasized that the possibility of applying ER has to be considered as much as possible.
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